Aims: To explore the potential impact of a minimum unit price (MUP: 50 pence per UK unit) on the alcohol consumption of ill Scottish heavy drinkers. Methods: Participants were 639 patients attending alcohol treatment services or admitted to hospital with an alcohol-related condition. From their reported expenditure on alcohol in their index week, and assuming this remained unchanged, we estimated the impact of a MUP (50 ppu) on future consumption. (Around 15% purchased from both the more expensive on-sale outlets (hotels, pubs, bars) and from off-sales (shops and supermarkets). For them we estimated the change in consumption that might follow MUP if (i) they continued this proportion of 'on-sales' purchasing or (ii) their reported expenditure was moved entirely to off-sale purchasing (to maintain consumption levels)). Results: Around 69% of drinkers purchased exclusively off-sale alcohol at <50 ppu. Their drinking, post MUP, may reduce by a mean of 33%. For this group, from a population of very heavy, ill consumers, we were unable to show a differential effect across multiple deprivation quintiles. For other drinkers there might be no reduction, especially if after MUP there were many products priced close to 50 ppu. Moving away from on-sales purchases could support, for some, an increase in consumption. Conclusions: While a proportion of our harmed, heavy drinkers might be able to mitigate the impact of MUP by changing purchasing habits, the majority are predicted to reduce purchasing. This analysis, focusing specifically on harmed drinkers, adds a unique dimension to the evidence base informing current pricing policy. Short Summary: From drink purchasing data of heavy drinkers, we estimated the impact of legislating £0.50 minimum unit price. Over two thirds of drinkers, representing all multiple deprivation quintiles, were predicted to decrease alcohol purchasing; remainder, hypothetically, could maintain consumption. Our data address an important gap within the evidence base informing policy.
INTRODUCTION
The detrimental impact of alcohol misuse on Scottish health and society has received considerable attention within the media and the research literature. In 2015 there were over 1150 alcohol-related deaths (around 22 per week) (National Records for Scotland, 2015) .
Associated economic costs were estimated to be around £7.5 billion per annum in a recent cost of illness study which considered costs linked to healthcare, social care, crime and lost productivity, etc. (Johnston et al., 2012) , that is approximately £1660 for every Scottish adult aged 16 years or over. One response from the Scottish Government has been the passing of the Alcohol (Minimum Pricing) (Scotland) Act 2012 (Scottish Parliament, 2012) , which recommends the setting of a minimum unit price (MUP) for alcohol (one UK unit equals 8 gm/10 ml ethanol), presently favoured at 50 pence (£0.5: US$0.64) per UK unit (50 ppu). However, the date of implementation remains uncertain due to legal challenges. Amongst those advocating the benefits of MUP, there is acceptance that it cannot be promoted as a single solution, rather it will contribute in an array of initiatives to target alcohol misuse in Scotland (Alcohol Health Alliance, 2016; Scottish Government, 2016) .
Scotland is not unique in advocating a minimum pricing policy to address alcohol misuse and an international body of research has emerged over recent years providing persuasive evidence of consequent public health benefits (Purshouse et al., 2010; Ludbrook et al., 2012; Stockwell et al., 2012a Stockwell et al., , 2013 Brennan et al., 2014; Cousins et al., 2016; Meier et al., 2016) . The potential societal benefits of MUP for Scotland were estimated in modelling by Sheffield University (Meng et al., 2012; Angus et al., 2016) utilizing data provided by health surveys, household spending surveys, populationlevel sales data, meta-analyses of epidemiological data and administrative health and health economic data.
A 50 ppu MUP was associated with a potential fall in overall consumption of 3.5% with the concomitant harm reduction over the initial 20-year period being estimated at 2036 fewer deaths and 38,859 fewer hospitalizations. Harmful drinkers were predicted to experience the greatest reduction in consumption (around 246 UK units per annum). Ludbrook et al. (2012) have recognized the importance of considering the impact of socioeconomic status on individual responsiveness to MUP and indeed Angus et al. (2016) proposed that amongst those drinking the most (i.e. harmful drinkers) 15.3% fewer deaths per annum would occur for those in poverty, but only 4.4% fewer if not in poverty (Poverty being defined as an individual having an equivalized household income below 60% of the population median).
In Scotland, survey data suggest that the heaviest 10% of drinkers are responsible for 46% of alcohol consumed (Beeston et al., 2016) . These drinkers are, by implication, those who suffer the greatest alcohol-induced harm and the most likely to be significantly impacted by MUP. Appreciation of their likely response to MUP is a key piece of evidence in the public health debate around the utility of MUP. In their modelling work highlighting the potential benefits of MUP on consumption levels and harm indices, Angus et al. (2016) employed a definition of harmful drinkers as exceeding 50 UK units for men and 35 units for women per week. Previous research with heavy, harmed drinkers seen at NHS settings in the UK (Black et al., 2011 (Black et al., , 2014 Sheron et al., 2014) where mean consumption was 198, 215 and 145 UK units per week, respectively, has highlighted the extent to which the mean consumption for the recorded week was well in excess of these definition thresholds, in fact as many as 4-6 times. By way of contrast, in the 2013 Scottish Health Survey (Scottish Government, 2014) , for those drinkers within the 'harmful' category (exceeding 35/50 UK units for women/ men, respectively), the mean weekly consumption was 69.4 units. An additional point of note is that the informing population health survey data relates to householders. Heavy drinkers are likely under-represented for they can be hard to contact due to lifestyle factors or may decline to participate. In this study we aim to address this gap and inform the debate around the likely impact of MUP on the heaviest consumers by presenting data relating to the purchasing habits of drinkers from each of the multiple deprivation quintiles, harmed as a consequence of consumption and recruited within healthcare settings. We explore the potential impact of a minimum unit price (MUP: 50 pence per UK unit) on the alcohol consumption of our sample of ill Scottish heavy drinkers as a whole and when stratified by SIMD (Scottish Index of Multiple Deprivation) quintiles.
METHODS
Data collection and primary analyses are described by Black et al. (2014) and Gill et al. (2015a Gill et al. ( , 2015b . In summary, between December 2011 and October 2012 consecutive outpatients and day patients whose health had been harmed by alcohol consumption (based on clinician's assessment) were recruited from Scottish NHS clinics, at settings within two major Scottish cities, Edinburgh and Glasgow. Together these cities comprise approximately one third of the Scottish population. Following the initial approach by the clinician, site specific interviewers described the study in detail and obtained consent. They also administered the questionnaires (Black et al., 2014) .
Exclusion criteria were-being under 18 years old, unable to understand the questions or give understandable answers in English, evidence of clinically significant memory impairment, e.g. Korsakov's Dementia, being unwilling to be contacted for three further followup interviews (this relates to a follow-up study not reported here). In addition, advice from clinicians at each site was taken where patients were unsuitable for inclusion due to separate clinical issues.
Approval was obtained from Regional Ethics Committees (REC reference 08/S1101/9).
Interviewers administered a questionnaire (Black et al., 2014) which documented the participant's most recent 7 days of drinking using the time line follow-back method (Sobell and Sobell, 1996) or their most typical week. Participants' self-reported alcohol consumption and expenditure including the type, volume, brand (when known) of beverage, cost and location of purchase ('on-sales': bar, pub, hotel, restaurant, etc., or 'off-sales': supermarket, corner shop, off-licence shop, etc.). The interviews were not time limited and interviewers clarified detail where necessary. Manufacturers' and supermarkets' websites were checked to confirm prices. Gender and postcode were documented, the latter acting as a proxy for socioeconomic status using the Scottish Index of Multiple Deprivation (SIMD) (Scottish Government, 2012a , 2012b . The 2012 SIMD divides Scotland into 6505 small geographical areas called datazones containing approximately 350 households identified by postcode. Each datazone is assigned a rank of relative deprivation based on seven domains (employment, income, health, education, geographic access to services, crime and housing). We used our participant's postcode to record the SIMD rank by quintile: 1 = most deprived, 5 = least deprived.
Definitions of drinker groups
We have no knowledge of how retailers would price their alcohol sales if MUP was introduced. It is conceivable that, to maintain sales (and continue to attract 'footfall' in the shop or supermarket), many drinks could be priced at or just above the minimum price/unit. We also recognize, however, that products above the MUP threshold could also increase in price, i.e. 'premiumisation' could occur whereby producers increase drink prices of higher quality products to maintain a price differential over low quality products. In this analysis, to estimate the change in consumption that might occur in our population of heavy drinkers, we chose a conservative approach and estimated what could happen to consumption, assuming our drinkers' expenditure remained unchanged and if they could now purchase alcohol at 50 ppu but no less. Thus, we have assumed an elasticity of −1.0, i.e. that consumption will reduce in direct proportion to price increase.
Four groups of drinker types have been identified in our sample. Group A are drinkers who purchased exclusively from pubs, clubs, hotels and bars (on-sales). We reasoned that their pattern of drinking would be unchanged-MUP will not affect on-sales' prices which are already well over 50 ppu.
For drinkers purchasing exclusively from off-sales, we examined the effect separately for those who were currently paying on average at or above MUP, i.e. 50 ppu or more (Group B) and those currently purchasing on average less than 50 ppu (Group C). In both groups we assumed their current expenditure per index week would not change. For Group B, apparently resistant to the proposed level of MUP (50 ppu), we calculated the percentage of this group who would however reduce consumption if MUP was instead set at higher levels, namely, 60 ppu and 70 ppu. In Group C, all theoretically currently susceptible to MUP at 50 ppu, we estimated the potential impact of a 50 ppu price by calculating the reduction in units purchased if expenditure was unchanged, and the consequent change in consumption. We present this data by multiple deprivation quintile.
For drinkers purchasing from both on-and off-sales outlets (Group D) we recognize that they may have more flexibility when responding to MUP. They could lessen its impact by reducing their more expensive on-sales purchasing and switching all their monies to off-sale purchasing, or alternatively they may choose for reasons of sociability, etc. to maintain on-sales purchasing, with theoretically only their off-sale purchasing being subject to MUP. We present data for both scenarios. As above, we have estimated the effects, assuming their overall expenditure on alcohol remains as recorded for their index week; we present the findings by multiple deprivation quintile.
Data analysis
Data were analysed using SPSS version 21. Descriptives (mean and standard deviation) for the average (index week consumption (UK units), price paid and expenditure) are presented by group and SIMD, multiple deprivation quintile. In Group C (those drinkers predicted to be susceptible to MUP) the most and least deprived were compared for predicted consumption change and price paid with the Mann-Whitney U-test. For Groups B to D, The Jonckheere-Terpstra test was employed to test for price paid trend across the multiple deprivation quintiles, one sided. An alpha value of 0.05, two-sided, was considered significant. (Numbers in Group A were too low to permit further analysis.)
RESULTS
Of the patients identified as eligible by clinicians, 150 refused to participate and, in 20 cases, the researcher had concerns and terminated the interview. Completed Interviews were obtained for 639 patients (response rate 79%).
Data relating to the estimated changes in consumption after a hypothetical MUP of 50 ppu are presented in Table 1 .
As already stated, Group A (n = 19) who were defined as those purchasing exclusively in on-sale outlets are expected to be unaffected by a MUP of 50 pence, no change in consumption is predicted post MUP. The average mean price (SD) paid by this group was 113 (19) pence per unit. Since the lowest mean unit price paid was 71 pence (for beer), raising the level of MUP by 10 or 20 pence is unlikely to impact on this group's consumption. No drinkers belonged to the least deprived quintile.
Group B are defined as those purchasing exclusively from offsales but already paying a mean price of 50 ppu or more (n = 84). Theoretically this group (13% of all drinkers) would also be unaffected by MUP set at 50 ppu and no change in consumption is predicted. (However, for interest, we calculated that if MUP was raised to 60 ppu and they continued to spend the same sum on alcohol, 74% were predicted to reduce consumption, and 95% of drinkers would do so at 70 ppu (not shown in Table) ). We did detect evidence of a significant trend in price paid across quintiles with rising average price paid, being linked to decreasing deprivation (T JT = 1471.5, z = 2.18, P = 0.015; 1-tailed).
Group C, which accounted for the majority (68.5%, n = 438) of our sample, was also defined as purchasing exclusively from off-sale outlets, but had been paying a mean price of less than 50 ppu. If it is assumed that their expenditure remains unchanged, all would decrease consumption, and the predicted mean percentage fall in consumption varies from 28.0% (deprivation quintile 5, the least deprived) to 34.8% (deprivation quintile 1). The estimated effect across multiple deprivation quintiles is shown in Table 1 . The Jonckheere-Terpstra test for trend across multiple deprivation quintiles was not significant for unit price (T JT = 34539.5, z = 1.498, P < 0.07; 1-tailed) or for percentage fall in consumption (T JT = 30410.5, z = −1.408, P < 0.08; 1-tailed). We also compared the least deprived quintile with the most deprived quintile; they did not differ significantly in terms of average unit price paid (MannWhitney U = 2810.5, z = −1.516, P = 0.129) or percentage change in consumption (Mann-Whitney U = 2826.5, z = −1.473, P = 0.141). Since Group C, by definition, are those most likely to be acutely affected by MUP, we also explored the impact of MUP on consumption in terms of UK definitions of 'harmful drinker'. The percentage in Group C consuming below the UK threshold of harmful drinking for males (50 UK units/week) was estimated to increase from 3% to 9.1% following MUP.
In Group D (15.3%, n = 98), defined as those who purchased from both on-sale and off-sale outlets, a range of possible responses to MUP can be proposed. At one extreme, drinkers could react by maintaining their more expensive consumption within on-sale settings with only their off-sale purchasing being affected by MUP. At the other extreme they could direct all expenditure to subsidize their purchasing from off-sale outlets post MUP. In the former case 65% would decrease consumption post MUP, in the latter case 21% would do so. In both scenarios some drinkers (already paying in excess of 50 ppu for their off-sale drinks) could in theory increase consumption post MUP (see Table 1 ).
The Jonckheere-Terpstra test for trend across multiple deprivation quintiles was not significant for unit price (T JT = 1928.0, z = 0.601, P = 0.268; 1-tailed)
If we assign a zero percentage change in consumption to drinkers in Groups A and B following MUP, and total the predicted changes in consumption for drinkers in Group C plus one or other of the two possible scenarios for Group D we calculate an average consumption fall of between 23.8% and 24.8% or 59.7-61.8 UK units per week for the entire sample of 639 participants.
DISCUSSION
The key contribution made by the present study to the evidence base currently informing debate is the better description of the potential response of a relatively under researched treatment sample to policy For n = 2 drinkers there was no change in consumption.
change impacting on alcohol selling price. The consumption of the majority (72-78%) of our sample of ill, heavy drinkers, according to the assumptions we have made, is predicted to be reduced if a MUP of 50 ppu was implemented. However, it is important to stress that even amongst these very heavy consumers there are individuals whose purchasing, with MUP set at 50 ppu, may not be affected (despite possibly buying some individual drinks below 50 ppu). We have identified three groups who fall into this category (accounting for around 22-28% of our sample). Theoretically, these drinkers may be able financially to resist any reduction in their alcohol purchasing following MUP instigation. They comprise: drinkers purchasing exclusively from off-sale outlets but paying on average in excess of 50 ppu, secondly those consuming alcohol entirely within on-sale outlets, and finally, around one third of those purchasing at both on and off-sale outlets. The final group of drinkers, we suggest, have the option of maintaining their consumption levels at no additional cost by 'trading differently' rather than trading down; transferring their purchasing from on-sales to off-sales. Thus, around one quarter of our drinkers may be immune to the impact of MUP but, nevertheless, all are drinkers who had been sufficiently harmed by their alcohol intake to necessitate attendance at an NHS setting.
Certainly those who have advocated the introduction of a MUP accept that it is only one of many strategies required to reduce harms caused by alcohol (Alcohol Health Alliance, 2016). Our findings endorse this view. There may also be a case for introducing a higher level of MUP than 50 ppu. Of those potentially vulnerable to MUP, i.e. purchasing exclusively within off-sale settings below MUP, several strategies could, theoretically, buffer the impact of MUP: some might be more able to source additional funds by whatever means to sustain consumption, or access other sources of alcohol, e.g. internet purchasing, cross border purchasing, illicit/illegal/substitute alcohol or turn to psychoactive drugs.
Clearly, trading down to cheaper options to maintain consumption would not, after MUP, be an option (Black et al., 2014) . Some participants referred to illicit alcohol, but expressed unease around its health risks. Whether or not this view is maintained post MUP merits investigation. Stealing alcohol or drinking non-beverage alcohol were infrequently reported by 115 dependent drinker participants in Falkner et al.'s (2015) study from New Zealand while Stockwell et al.'s (2012b) qualitative study from Canada involving 15 dependent homeless drinkers documented 2 drinkers who would resort to stealing alcohol and 2 who would use non-alcohol beverages when faced with a shortage of funds. We cannot speculate on the ability of our drinkers to increase spending to maintain consumption, for apart from SIMD we have no separate measure of income. Indeed in our sample of drinkers only four individuals (less than 1%) reported stealing alcohol. Certainly, some participants' only income was social security benefits. Close relatives and friends were reported by some as alternative sources of funds while others, conversely, had their funds controlled by relatives (O'May et al., 2016) . Holmes et al. (2014) suggest that harmful drinkers on low incomes purchase most alcohol at less than MUP, consequently they would be most affected by MUP. However, for the group (C) currently paying less than 50 ppu, we were not able to show, in the types of very heavy drinkers we sampled and in the limited number of patients, a different effect between multiple deprivation quintiles. ( We did not attempt to collect data on our participants' incomes.) Angus et al. (2016) , using data from the Scottish Health Survey which recruits adult householders, employed modelling software to estimate the impact of a 50 ppu price on the consumption of harmful drinkers and computed an annual reduction of 246.2 units (i.e. 4.7 units per week), with those in poverty reducing by 680.9 units (13.1/week), those not in poverty 180.9 units (3.5/week). These figures are lower than ours, because our drinkers were typically drinking extremely heavily. Angus et al. (2016) estimated that heavy drinkers in poverty would spend £88.00 less on alcohol per annum, while those not in poverty would spend £20.00 more in the same period. Our calculations have not considered the possibility that heavy drinkers would reduce expenditure on alcohol post MUP (and thus markedly reduce consumption). On the other hand, the type of drinker who might want to maintain the level of consumption despite MUP is the addictive drinker. O'May et al. (2016) in this sample documented accounts of purchasing alcohol specifically to selfmedicate to avert withdrawal seizures, i.e. the drivers impacting on sourcing alcohol may not only be economic.
We have already noted that a key strength of this study is the provision of data relating to drinkers who are unlikely to be adequately represented in general population health surveys; thus, the drinkers most acutely affected by MUP may be poorly represented in modelling studies. Certainly our data provide some interesting contrasts in this regard. Angus et al. (2016) suggest that harmful drinkers (their heaviest drinking group) drank 80% of their alcohol from off-sales (our group 95%), paid a mean price of around 67 ppu (our group mean = 43.8 ppu) and sourced around 44-62% of purchases below 50 ppu (our group 80%). They report an annual consumption of 3498 units (i.e. 67.3 per week) with weekly intake rising to 86.5 units for those in poverty. In our group the mean intake in the recorded week was 215.5 units. Baseline expenditure of around £45.38 per week contrasts with that of our participants' £84.40. Other differences are noted in regard to cider consumption: the mean price paid per unit was around 42 ppu (our group 23.4 ppu) with ciders accounting for around 6% of all intake (34.4% in our group), wine 33% (6.7% in our group) and spirits around 27% (32.7% in our group). The possibility that the impact of MUP on the consumption of heavy drinkers may be greater than that proposed by Angus et al. (2016) merits further study. Gender differences in relation to drink preferences and purchase place may also be relevant in predicting responses to policy changes and deserve attention as reported by Meier et al. (2009) from analysis involving data from the annual Expenditure and Food Survey and the General Household Survey. Our findings reported previously are consistent with this view (Gill et al., 2015b) ; female harmful drinkers purchased almost exclusively from off-sale outlets (99%: Meier et al. 88%) but differ in favouring spirits and white cider for over 60% of purchases whereas in the Meier et al. (2009) analysis a similar preference was evident for wine.
The generalizability of our findings can be questioned. We have not interviewed the ill heavy drinkers who are not seen by services, or those at an earlier stage in their drinking career who do not yet require medical services. In relation to accuracy of recall and honesty of reporting, the interview took as long as required and time was allowed to explore ambiguities in recall with a very low rate of missing data, which is one of the strengths of this study. The index week consumption figures which we report are consistent with those recorded from similar types of drinker in our pilot study (Black et al., 2011) and in an English setting (Sheron et al., 2014) and New Zealand (Falkner et al., 2015) . We are not implying that a drinker's yearly alcohol expenditure can be calculated from our data, i.e. that this drinking pattern occurred every week. Certainly, some participants provided detail of a regular, consistent, weekly pattern of consumption. For others the recorded index week may have been
